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Description 

This invention relates to a reflection type mask us- 
able in the manufacture of semiconductor devices such 
as integrated circuits, large scale integrated circuits, etc. 5 
More particularly, the invention is concerned with a re- 
flection type mask suitably usable with an exposure ap- 
paratus that uses, for exposure of workpieces such as 
wafers, a radiation energy such as X-rays of a wave- 
length in the range of 0.5-30 nm (5 - 300 A) or vacuum 
ultraviolet radiation of a wavelength in the range of 
30-200 nm (300 - 2000 A) (hereinafter, these rays will 
be referred to as "soft X-rays"). This invention also re- 
lates to an exposure method and to an apparatus each 
using a reflection type mask. 

It has been considered to use a reflection type mask 
with a projection exposure of the type using soft- X-rays 
to print a pattern on a wafer. It may be considered to 
manufacture such a reflection type mask, particularly a 
reflective portion thereof, in the following two ways: 

One is to use a natural crystal (single crystal) to pro- 
vide a reflecting surface. The other is to grind the surface 
of a substrate to provide a total reflection mirror. 

The former (see for example European patent ap- 
plication EP 0 055 077) utilises Bragg diffraction of the 
natural (single) crystal. Thus, when a radiation of a 
wavelength of 10 nm (100 A) is used, it is necessary to 
use such a natural crystal having a grating constant not 
less than 5 nm (50 A), according to the Bragg diffraction 
theory 2d sine = X where d is the thickness, X is the 
wavelength and 0 is the angle defined between the in- 
cident ray and the substrate. It is very difficult to obtain 
such a crystal. If, on the other hand an ordinarily avail- 
able natural crystal as having a grating constant in the 
range of 0. 1 5-0.5 nm (1 .5 - 5 A) is used, the wavelength 
must be in an order of 0.5 nm (5 A). However, at present, 
there is no resist material that has a sufficient sensitivity 
to such very short wavelength range. 

The latter utilises the theory of total reflection by a 
mirror surface. However, because of the limitation to the 
material usable, the limitation to the ambient conditions 
and so on, a large critical angle such as of an order of 
86 - 87 degrees has to be used. This means that the X- 
rays should be incident at near grazing incidence to the 
surface. This is generally inconvenient for pattern pro- 
jection. 

The present invention has been made having re- 
gard to the aforesaid problems and disadvantages, and 
provides a solution. 

In accordance with the present invention there is 
provided a reflection type mask usable in an exposure 
apparatus having a projection optical system with a plu- 
rality of mirrors provided between the mask and a work- 
piece, for transferring a pattern of the mask onto the 
workpiece with soft X-ray or vacuum ultraviolet radia- 
tion, characterized in that: 

said mask has a reflective surface provided by a 
multilayered film, and a non-reflective portion provided 



in or upon said reflective surface to define the pattern, 
and wherein said non-reflective portion is effective to at- 
tenuate the soft X-ray or vacuum ultraviolet radiation. 

It is an advantage of the reflection type mask afore- 
said that it can be manufactured easily and economical- 
ly. 

It is a further advantage that such reflection type 
mask can assure high resolution and contrast in the 
transfer of a pattern onto a workpiece. 

. Othei features and advantages of the present in- 
vention wiil become apparent upon a consideration of 
the following description of the preferred embodiments 
of the present invention taken in conjunction with the 
accompanying drawings. 

In the accompanying drawings: 

Figure 1 is a schematic view of an optical path of a 
projection optical system suitable for use with a re- 
flection type mask embodying the present inven- 
tion; 

Figure 2 is a schematic section showing the struc- 
ture of a reflection type mask according to a first 
embodiment of the present invention; 
Figures 3A-3C are schematic sections, respective- 
ly, for explaining the process of manufacture of the 
mask of the first embodiment; 
Figure 4 is a schematic section showing the struc- 
ture of a reflection type mask according to a second 
embodiment of the present invention; 
Figure 5 is a schematic section for explaining a 
problem of half shade; 

Figures 6A - 6C are schematic sections, respective- 
ly, for explaining the process of manufacture of the 
mask of the second embodiment; and 
Figure 7 is a schematic section showing the struc- 
ture of a reflection type mask according to a third 
embodiment of the present invention. 

To assist in a better understanding of this invention, 
a detailed description of preferred embodiments will be 
given now. The description which follows is intended to 
be by way of example only. 

In the embodiments described below a reflection 
surface of atnask is provided by a reflective portion hav- 
ing a multilayered structure. 

Fresnel reflection theory is used to improve the re- 
flection efficiency at the interfaces of the layers and, ad- 
ditionally, the Bragg diffraction theory is used so that the 
reflected lights from the interfaces of the layers interfere 
with each other to mutually the intensity. The thickness 
of each layer is determined so as to satisfy these con- 
ditions. 

Details of the theory of reflection in a multilayered 
structure are fully discussed in "Low-Loss Reflection 
Coatings Using Absorbing Materials" by Eberhard Spid- 
er ("Appl. Phys. Lett." Vol. 20, No. 9, May 1 972) and "Me- 
tallic Multilayers for X-rays Using Classical Thin-Film 
Theory" by B. Vidal and P. Vincent ("Applied Optics" Vol. 
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23, No. 11/1, June 1984). 

In the multilayered structure of the present inven- 
tion, the materials of the layers and the thicknesses of 
the layers are selected and determined so as to meet 
both of the Bragg diffraction and the Fresnel reflection 
conditions: 



nd cose = X N/2 



(1) 



wherein d is a grating constant (film thickness), 6 is the 
- angle of incidence, X is the wavelength, N is an integral 
number and n is the refractive index; and 



|(N r N 2 )|/|(N 1+ N 2 )| 2 = R 



(2) 



wherein R is the Fresnel reflection factor, N-, and N 2 are 
refractive indices of the materials of the multilayered 
film, each of which can be expressed by "N = n+ik" 
(where n represents the real number portion while ik 
repreents the imaginary number portion) in respect to 
the wavelength region of X-rays or ultraviolet rays. 

Figure 1 shows a projection optical system of an X- 
ray exposure apparatus which may be used with a re- 
flection type mask of the present invention so as to print, 
by projection exposure, a pattern of the mask upon a 
semiconductor wafer at a reduced scale. As illustrated, 
the projection system includes three mirrors M1 , M2 and 
M3 each being adapted to reflect soft X-rays in this ex- 
ample. The first and third mirrors M1 and M3 have con- 
cave mirror surfaces, respectively, while the second mir- 
ror M2 has a convex mirror surface. Details of such a 
projection optical system usable in an X-ray exposure 
apparatus are disclosed in European Patent Application 
EP 0252734. 

Figure 2 shows a reflection type mask according to 
a first embodiment of the present invention. The mask 
of this embodiment is suitable for use with a radiation of 
wavelength 12.4 nm (124 A) as the exposing radiation. 

The mask includes a substrate 1 which may be 
formed by a silicon single crystal plate having a ground 
surface having surface roughness not larger than 1.0 
nm (10 A)(rms). On the surface of the substrate t, a 
large number of layers is formed, although only some of 
which are shown in the drawing for ease in illustration. 
In this embodiment, two different materials are used for 
these layers, in an alternating fashion. More specifically, 
first type layers 2, 4 ... are made of ruthenium (Ru) hav- 
ing a refractive index N = 0.91 + 6.8 x 1 0' 3 i. Second type 
layers 3, 5 ... are made of silicon carbide (SiC) having 
a refractive index N = 1 .02 + 3.7 x 10* 3 i. The first type 
layers and the second type layers are formed alternate- 
ly, as illustrated, to provide a reflective base portion 10 
of multilayered structure. 

In a particular example, the first type layers and the 
second type layers were made by sputtering deposition 
after a super high vacuum pressure not greater than 
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1x10" 6 Pa was achieved and with an argon pressure of 
5x1 0* 1 Pa. Each of the first type layers had a thickness 
of 2.98 nm (29.8 A) while each of the second type layers 
had a thickness of 3.39 nm (33.9 A). Forty-one layers 
comprising the first type layers of a number twenty-one 
and the second type layers of a number twenty were 
formed on the substrate. Additionally, a surface layer of 
carbon (C) was formed with a thickness 1.0 nm (10A) 
upon the top layer as a protection film B (Figure 3A), 
whereby-a feflective base portion of multilayered struc- 
ture was obtained. It is preferable that the first type lay- 
ers have a refractive index whose real number portion 
is smaller while the second type layers have a refractive 
index whose real number portion is larger. This is be- 
cause, as will be readily understood from the Fresnel 
reflection theory, such a material whose refractive index 
has a large difference from that of an ambience, such 
as an air, should preferably be used as the material of 
the final layer. 

The thickness of each layer can be determined in 
accordance with the aforementioned Bragg diffraction 
formula and on the basis of the refractive index of each 
material and the wavelength of the radiation to be used. 
In the present embodiment, for example, the thickness 
can be determined as follows: 

From the aforementioned Bragg diffraction formula 
(1), it follows that: 



2(n 1 d 1 +n 2 d 2 )cos9 = (2m)M2 



(3) 



wherein n-, and n 2 are refractive indices of the materials 
used, d-, and d 2 are the thickness of the layers of differ- 
ent materials, X is the wavelength of radiation to be 
used, and m is an integral number. Where the angle of 
incidence is zero (i.e. the regular or perpendicular inci- 
dence), then cos 9=1. Therefore, equation (3) can be 
rewritten as follows: 



n 1 d 1 +n 2 d 2 = X(m)/2 



Considering the optical path length with regard to 



each iridivicjiial layer, then: 



2n 1 d 1 = X/2, 



thus 



d 1 = X/4n 1 



(4) 



and 



2n 2 d 2 = X/2, 
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thus 

d 2 = X/4n 2 (5) 

Accordingly, by satisfying the equation (4) or (5), the 
thickness of each layer can be determined. In the 
present embodiment: 

n 1 =0.91 + 6.8x 10' 3 i 
n 2 = 1.02 + 3.7 x10" 3 i 

U 12.4 nm (124 A) 

Since the imaginary number portion is very small as 
compared with the real number portion, it may be con- 
sidered as "zero". By substituting these values into 
equations (4) and (5), the thicknesses can be deter- 
mined as follows: 

d 1 = 2.98 nm (29.8 A) 

d 2 = 3.39 nm (33.9 A) 

In the particular example described hereinbefore, 
afterthe reflective base portion of the multilayered struc- 
ture was obtained, a resist layer of PMMA was formed 
on the reflective base portion with a thickness 0.5 jam . 
Subsequently, by use of electron-beam patterning proc- 
ess, the resist layer was patterned with 1 .75 u,m line- 
and-space. Then, gold (linear expansion coefficient: 
1.42x10' 5 /deg and heat conductivity: 3.16 J/cm.s.deg) 
was deposited on the resist layer, by electron beam dep- 
osition and with a thickness of 0.1 |im (Figure 3B). As 
is well known in the art, gold is a material that can absorb 
soft X-rays. Subsequently, the PMMA material was re- 
moved, whereby a gold pattern A was obtained on the 
multilayered film (see Figure 3C). 

Another example of the first embodiment will now 
be described. The mask of this example may be suitably 
used with a radiation having a wavelength of 12.4 nm 
(1 24 A) and with an angle of incidence 0=0 (degree). 

As in the foregoing example, a ground silicon single 
crystal plate 1 was used. As the material of the first type 
layers 2, 4, tantalum nitride (TaN) having a refractive 
index N = 0.96 + 3.7 x 1 0* 2 i was used. On the other hand, 
as the material of the second type layers 3, 5, .... silicon 
(Si) having a refractive index N = 1 .03 + 1 .5 x 10' 3 i was 
used. After a super high vacuum pressure not greater 
than 1 x 1 0* 6 Pa was achieved, forty -one layers (twenty- 
one layers of TaN and twenty layers of Si) were formed 



with respective thicknesses 2.03 nm (20. 3A) and 4.06 
nm (40. 6A), by sputtering deposition while retaining an 
argon pressure 5 x 10' 1 Pa. Additionally, upon the top 
layer, a layer of carbon (C) was formed with a thickness 

s 1 .0 nm (1 OA) as a protection film B. In this example, the 
first type layers have a refractive index whose real 
number portion is smaller, while the second type layers 
have a refractive index whose real number portion is 
larger. The thickness of each of the first type layer and 

to the seconcttype layer can be determined in accordance 
with equation (1 ) related to the Bragg diffraction, as de- 
scribed hereinbefore. 

PMMA layer of a thickness 0.5 una was formed on 
the thus obtained reflective base portion of multilayered 

75 structure, and the PMMA layer was patterned by elec- 
tron-beam patterning process. On the resultant PMMA 
pattern, tantalum (Ta) (linear expansion coefficient: 
6.3x1 0 _6 /deg and heat conductivity: 0.575 J/cm.s.deg) 
which is a soft X-ray absorbing material was deposited 

20 by electron-beam deposition with a thickness 0.1 jim . 
Subsequently, the PMMA material was removed, such 
that a tantalum pattern was obtained on the multilayered 
film. 

Description will now be made of a third example of 
25 the first embodiment. The mask of this example may be 
suitably used with a radiation having a wavelength of 
1 2.4 nm (1 24 A) and with an angle of incidence 6=0 (de- 
gree). 

As in the first example, a ground silicon single crys- 

30 tal plate was used. As for the material of the first type 
layers 2, 4, .... palladium (Pd) having a refractive index 
N = 0.90 + 2.4 x 10 _2 i was used. As the material of the 
second type layers 3, 5, silicon (Si) having a refrac- 
tive index N'= 1.03 + 1.5 x 1 0* 3 i was used. In a super 

35 high vacuum pressure not greater than 1 x 1 0 -6 Pa, forty- 
one layers (twenty-one layers of Pd and twenty layers 
of Si) were formed on the substrate by electron-beam 
deposition, with respective thicknesses 2.11 nm (21.1 
A) and 4.03 nm (40.3A). Further, a layer of carbon (C) 

40 of a thickness 1.0 nm (10A) was formed thereupon as 
a protection film. In this example, the first type layers 
have a refractive index whose real number portion is 
smaller and the second type layers have a refractive in- 
dex, whose real number portion is larger. 

45 Subsequently, a PMMA layer of a thickness 0.5 \xm 
was formed on the thus obtained reflective base portion 
of multilayered structure, and, then, the PMMA layer 
was patterned by electron-beam patterning process. On 
the thus formed PMMA pattern, silicon (Si) (linear ex- 

50 pans ion coefficient: 2.6x1 0' 6 /deg and heat conductivity: 
1 .49 J/cm.s.deg) which is a soft X-ray absorbing material 
was deposited by electron-beam deposition to a thick- 
ness of 0.1 urn. Subsequently, the PMMA material was 
removed, with the result that a silicon pattern was ob- 

55 tained on the multilayered film. 

While, in these examples, a silicon single crystal 
plate is used as the substrate, the material is not limited 
thereto. For example, a glass plate, a fused silica plate, 
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a silicon carbide plate or otherwise may be used, pro- 
vided that its surface is made sufficiently smooth, by 
grinding, as compared with the wavelength of radiation 
to be used. 

Figure 4 shows a reflection type mask according to 
a second embodiment of the present invention. Figure 
5 is a schematic illustration for explaining a problem 
which can be solved by the present embodiment. 

In a case where a printing light such as soft X-rays 
is projected upon the mask with a substantial angle of 
inclination, as shown in Figure 5, there occurs "half 
~z shade" (23 in Figure 5) on the surface of the reflective 
portion of the mask, due to the thickness of the mask 
pattern. The present embodiment can minimize such 
half shade. 

In Figure 5, denoted at 21 are non-reflective ele- 
ments patterned on a reflective base portion of a multi- 
layered film structure. Denoted at 20 are reflecting por- 
tions, and denoted at 25 is a substrate. 

It will be readily understood from Figure 5 that the 
half shade 23 can be reduced by reducing the thickness 
(height) of the non-reflective pattern 21. Actually, how- 
ever, to do so might be very difficult since an ordinary 
X-ray absorbing material does not have a high X-ray ab- 
sorbing efficiency so that a substantial thickness is re- 
quired for the material to provide a sufficient X-ray ab- 
sorbing function. 

In the embodiment shown in Figure 4, the non-re- 
flective pattern is provided by a multilayered film struc- 
ture which is arranged so that, by the interference effect, 
the light reflected from the upper surface of a first layer 
(such as^) and the light reflected from the upper sur- 
face of a second layer (such as<^) act upon one another 
to mutually weaken the intensity. The layer thickness is 
determined for this purpose. As a result, the non-reflec- 
tive portion D can function as an anti -reflection film. 

It has been confirmed that the non-reflective portion 
D of the multilayered structure can be reduced in thick- 
ness significantly while retaining high non-reflection ef- 
ficiency, as compared with that of a non-reflective por- 
tion simply made of an X-ray absorbing material. 

Referring back to Figure 4, the mask of the present 
embodiment has a reflective base portion 1 0 comprising 
a multilayered film showing reflectivity to soft X-rays or 
otherwise. The reflective portion 10 is formed on a non- 
reflective flat substrate 1 made of a material absorbing 
soft X-rays or otherwise. The non -reflective portion D 
comprises a multilayered film and is formed on the re- 
flective portion 10, to thereby provide a predetermined 
pattern. 

The reflective portion 10 is formed by layering two 
different materials having different optical constants to 
provide first type layers 2, 4, 6, ... and second type lay- 
ers 3, 5, 7, ... in an alternate fashion. 

The thicknesses d 1( d 2 , d 3 , d 4 , ... of the two types 
of layers are not less than 1 .0 nm (10 A). Each type of 
layers may have the same thickness (i.e. d 1 =d 3 =..., and 
d 2 =d 4 =...). Alternatively, all the layers may have different 



thicknesses. 

However, in consideration of (i) reduction in ampli- 
tude of the soft X-rays or vacuum ultraviolet rays due to 
the absorption thereof by each layer and (ii) mutual in- 

5 tensification of reflected lights due to the overlap of the 
phases of the reflected lights, at the interfaces of the 
layers : it is desirable to determine the thickness so that 
highest reflection factor is obtainable by the reflective 
portion as a whole. Where the thickness of each layer 

10 is less-than 1.0 nm (10A), it is difficult to achieve high 
reflection factor at the reflective portion because of the 
dispersion. effect of the two materials at the interface. 
This is undesirable. With the increase in the number of 
layers, the reflection factor can be improved. On the oth- 

15 er hand, however, there will occur a difficulty in relation 
to the manufacture. Accordingly, the number of layers 
may preferably be not greater than two hundred. 

The non-reflective portion D comprises alternately 
provided layers made of the different materials and con- 

20 stitutes an anti-reflection film to the reflective portion 10. 
The thicknesses dj.d^,^ t ... of the layers forming 
the non-reflective portion D are not less than 1.0 nm 
(10A). Alternating layers may have the same thickness 
(i.e.<r 3 =d3«=..., and <T 2 =di=...). Alternatively, all the lay- 

25 ers may-have different thicknesses. 

It is desirable that a reflection type mask has an in- 
tensity ratio of 2:1, preferably 10:1, in respect to the in- 
tensities of the soft X-rays or otherwise reflected by the 
reflective portion 10 and the non-reflective portion D, re- 

30 spectively. For this reason, the anti-reflection film may 
preferably be formed by two or more layers, although 
the number intimately depends upon the wavelength 
range to be used. For the soft X-rays or otherwise of a 
wavelength near 10.0 nm (100A), for example, the pre- 
ss vision of three or more layers is preferable. 

From equation (1) related to the Bragg diffraction 
theory, it is seen that the following condition should be 
satisfied in order that a layered film can function as an 
anti-reflection film: 

40 

■ 2(n l d 1 +n 2 d 2 )cos9 = X(2m+1)/2 

where in m is an integral n u mber. 
45 From tfife, it is seen that each layer of the anti-re- 
flection film has a thickness approximately of an order 
of X/4n wherein X is the wavelength and n is the refrac- 
tive index. 

Description will now be made of a particular exam- 
so pie of a mask according to the second embodiment. The 
mask of this example may be suitably used with the 
wavelength of 12.4 (124A) and with the angle of inci- 
dence 0 =10 degrees. 

In this example, a silicon single crystal plate which 
55 has been ground to a surface roughness not greater 
than 1.0 nm (10A) (rms) was used as the substrate 1 
(Figure 6A). As the material of the first type layers 2, 4, 
6, .... molybdenum (Mo) having a refractive index N = 
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0.95 + 8.9 x 10' 3 i, a linear expansion coefficient of 5.0 
x 1 0 -6 K' 1 and heat conductivity of 1 39 w/mK, was used. 
On the other hand, as the material of the second type 
layers 3, 5, 7, .... silicon (Si) having a refractive index N 
= 1.03 + 1.5 x 10' 3 i, a linear expansion coefficient of 2.5 
x 10 " 6 K" 1 and a heat conductivity of 168 w/mK, was 
used. After a super high vacuum pressure not greater 
than 1x10" 6 Pa was achieved, forty-one layers (twenty- 
one layers of Mo and twenty layers of Si) were formed 
on the substrates with a thickness 2.7 nm (27 A) (for 
each first type layer Mo) and a thickness 38.9 nm 
"= (38.9A) (for each second type layer Si), by sputtering 
deposition while maintaining an argon pressure of 
5x1 0' 2 Pa. Thus, the reflective base portion 10 was 
formed. Subsequently, a carbon layer was formed on 
the reflective portion 1 0 as a protection film B. The thick- 
nesses were determined in the same manner as in the 
examples described hereinbefore. 

In this example, the selection of materials is made 
so that the first type layers (Mo) have a refractive index 
whose real number portion is smaller while the second 
type layers (Si) have a refractive index whose real 
number portion is larger. 

Subsequently, as shown in Figure 6B, a layer of a 
resist material PMMA was formed on the reflective por- 
tion 10 with a thickness 0.5 micron. Then, by electron 
beam patterning, the PMMA layer was patterned with 
1 .75 ujti line-and-space. As a result, a patterned resist 
layer of PMMA was obtained. 

Upon the thus formed PMMA resist pattern, silicon 
(Si) and molybdenum (Mo) were alternately deposited 
by sputtering deposition to form thirteen alternate layers 
of Si and Mo having thicknesses 7.1, 3.7, 3.1, 3.6, 
3.2, 3.6 and 3.3 nm (71 , 37, 31 , .... 36, 32, 36 and 33A). 
The conditions of the sputtering deposition were the 
same as those at the time of manufacture of the reflec- 
tive portion 10. The thicknesses are those that satisfy 
"A/4n n described hereinbefore. 

Subsequently, the resist material was removed, 
with the result that non-reflective elements 31 of multi- 
layered film structure were formed on the reflective por- 
tion 10 (Figure 6C). The thickness of the non-reflective 
portion 31 as a whole was 48.0 nm (480 A). 

In order to confirm the anti-reflection effect of the 
non -reflective portion to the reflective portion, at time of 
the sputtering deposition during the manufacture of the 
reflection type mask (at the time of formation of the re- 
flective portion and the non-reflective portion), reference 
samples were also placed in a deposition apparatus. At 
the time of formation of the reflective portion, three ref- 
erence samples were set and, at the time of formation 
of the non-reflective portion, one of them was set again. 
This was done to allow measurement of the reflection 
factor of a reflective portion and the reflection factor of 
a reflective portion having a non -reflective portion 
formed thereon. By the measurement with a wavelength 
13.0 nm (130 A) and with an angle of incidence of 10 
degrees, it was confirmed that the former has a reflec- 



tion factor of 52 % and the latter has a reflection factor 
of 28 %. 

In order to confirm the thickness which might be re- 
quired if the non-reflective portion is formed simply by 

5 an absorptive material, examination has been made. 
For this examination, molybdenum (Mo) was deposited 
on the reflective portion of a reference sample to a thick- 
ness 300 nm (3000 A) and the reflection factor was 
measured under the same conditions described herein- 

10 before.- The reflector factor of 3.4 % was measured. 
Thus, it has been confirmed that an absorption layer of 
a large thickness is required if the non-reflective portion 
is formed only by an absorptive material. 

Description will now be made of a second example 

75 of a mask according to the second embodiment of the 
present invention. The mask of this example may be 
used with a wavelength of 12.4 nm (124 A). 

In a similar manner as the example of Figures 6A- 
6C, a reflective portion 1 0 was formed on a substrate 1 . 

20 Further, a pattern of a predetermined configuration was 
formed on the reflective portion by use of a resist mate- 
rial PMMA. Then, after a high vacuum not greater than 
1x10' 6 Pa was achieved, carbon (C) having a refractive 
index N = 0.97 + 5.2 x 10 _3 i, a linear expansion coeffi- 

25 cient 3.8x1 0' 6 K' 1 and a heat conductivity 1 30 w/mK and 
tungsten (W) having a refractive index N = 0.95 + 3.9 x 
10' 2 i, a linear expansion coefficient 5 x 10 6 K" 1 and a 
heat conductivity 178 w/mK, were alternately deposited 
by sputtering deposition while maintaining an argon 

30 pressure of 5x1 0" 2 Pa, such that a non-reflective portion 
comprising six layers having thicknesses 7.3, 10.8, 2.9, 
3.8, 3.0 and 4.0 nm (73, 108, 29, 38, 30 and 40 A) was 
formed. The thicknesses were determined in the same 
manner as the foregoing example. Subsequently, the re- 

35 sist material PMMA was removed, with the result that a 
mask having a reflective portion of multilayered film 
structure and a non -reflective portion formed on the re- 
flective portion and having a multilayered film structure, 
was obtained. The thickness of the non -reflective por- 

40 tion as a whole was 31 .8 nm (31 8 A). Also in this exam- 
ple, reference samples were prepared so as to confirm 
the anti-reflection effect of the non-reflective portion. For 
the reflective portion, a reflection factor of 52% was 
measured; wjth a wavelength 13.0 nm (130 A) and an 

45 angie of incidence of 1 .0 degree. For the non-reflective 
portion formed on the reflective portion, a reflection fac- 
tor 3.2 % was measured. On the other hand, for an ab- 
sorptive element provided by depositing tungsten on the 
surface of the reflective portion of the sample with a 

so thickness 72.0 nm (720 A a reflection factor of 4.7 % 
was measured. Thus, it was confirmed that, in order that 
an absorptive element made of an absorptive material 
provides substantially the same effect as of a non-re- 
flective portion made of a multilayered film, the absorp- 

55 tive element must has a thickness twice or more greater 
than the thickness of the non-reflective portion of multi- 
layered film structure. 

In the examples of the second embodiment, the pro- 
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tection film provided on the upper surface of the reflec- 
tive portion is preferably made by a carbon layer of a 
thickness not greater than than 10.0 nm (100A). How- 
ever, such a protection film may be omitted. 

While, in the present embodiment, the multiiayered s 
structure of the reflective portion is formed by alternately 
layering two different materials, three or more materials 
may be used and layered in sequence. 

Further, while a silicon single crystal plate is used 
in the present embodiment as a substrate, the material 10 
is not limited thereto. A glass plate, a fused silica plate, 
" a- silicon carbide plate or otherwise may be used, pro- 
vided that its surface is made sufficiently smooth, by 
grinding, as compared with the wavelength to be used. 

Figure 7 shows the structure of a reflection type 15 
mask according to a third embodiment of the present 
invention. 

Briefly, in the present embodiment, a mask pattern 
is formed by selectively irradiating a reflective base por- 
tion of multiiayered film structure with a particular radi- 20 
ation beam so as to change the physical and/or chemi- 
cal characteristics of the reflective portion to thereby de- 
stroy the regularity of the multiiayered structure in the 
portion irradiated by the radiation beam. 

A particular example of a reflection type mask ac- 25 
cording to the present embodiment will be described. 
The mask of this example may be suitably used with a 
wavelength of 1 2.4 nm (1 24A) and an angle of incidence 
6=0 (degree). 

As a substrate 1 , a ground quartz plate having a 30 
surface roughness not greater than 0.2 nm (2A) (rms) 
was used. On the substrate 1 , molybdenum (Mo) having 
a refractive index N = 0.93 + 8.9 x 10 _3 i, a linear expan- 
sion coefficient 5.0x1 0" 6 K _1 and a heat conductivity 1 39 
w/mK and silicon (Si) having a refractive index N = 1 .03 35 
+ 1.5 x 10* 3 i were deposited alternately by ion-beam 
sputtering deposition, in a high vacuum pressure not 
greater than 7x1 0" 5 Pa (5x10 -7 Torr) while maintaining 
an argon pressure of 3x10" 2 Pa (2x1 0* 4 Torr) and by use 
of a rock crystal oscillator type film thickness monitor. 40 
Forty-one layers (twenty-one layers of Mo and twenty 
layers of Si) were formed in an alternately layered fash- 
ion to provide first type layers 2, 4, 6, ... made of Mo and 
second type layers 3, 5, 7, ... made of Si. The thickness 
of each of the first type layers (Mo) was 2.7 nm (27 A) 45 
and the thickness of each of the second type layers (Si) 
was 3.6 nm (36A). The thickness was determined sim- 
ilarly as in the examples described hereinbefore. 

In this example, the selection of materials for the 
first and second layers has been made so that the first so 
type layers (Mo) have a refractive index whose real 
number portion is smaller while the second type layers 
(Si) have a refractive index whose real number portion 
is larger. 

Next, by using a converging ion-beam scanning ap- 55 
paratus, the thus formed reflective portion comprising a 
multiiayered film was irradiated with a focused silicon 
ion beam having a focused beam diameter of 0.1 jim 



under an acceleration voltage 200 Kev. As a result, the 
regularity of the layered structure of the part of the re- 
flective portion 10 irradiated with the ion beam was de- 
stroyed so that the irradiated part of the reflective portion 
10 lost the function of a "reflecting surface". In the man- 
ner described, a plurality of non-reflective portions 22 
were formed in the reflective portion 10 and a pattern of 
0.8 u.m line-and-space was obtained. The beam current 
was 100 PA. 

Measurements were made with regard to the reflec- 
tion factors at the positions corresponding to the reflec- 
tive portion and the non-reflective portion of the obtained 
reflection type mask, and it was confirmed that the 
former had a reflection factor of 48 % and the latter had 
a reflection factor of 0.8 %. Thus, the contrast was 60:1 . 

Another example of a mask according to the fourth 
embodiment of the present invention will now be de- 
scribed. The mask of this example may be suitably used 
with a wavelength of 12.4 nm (124A) and an angle of 
incidence 6=0 (degree). 

As in the foregoing example, a ground quartz plate 
was used as a substrate 1 and, on that substrate, first 
type layers 2, 4, ... made of ruthenium (Ru) having a re- 
fractive index N = 0.91 + 6.8 x 10 _3 i and second type 
layers 3, 5, ... made of silicon (Si) having a refractive 
index N = 1 .03 + 1 .5 x 1 0* 3 i were formed in an alternate 
fashion, in a super high vacuum pressure not greater 
than 1x10 -7 Pa (1x10 _9 Torr) by means of electron-beam 
deposition and by use of a rock-crystal oscillator type 
film thickness monitor Forty-one layers (twenty-one lay- 
ers of Ru and twenty layers of Si) were formed with a 
thickness 2.7 nm (27A) (for each Ru layer) and a thick- 
ness 3.6 nm (36 A) (for each Si layer). The thickness 
was determined in the same manner as in the foregoing 
example. 

Next, the thus obtained reflective portion of multi- 
layered film structure was selectively irradiated with a 
focused argon laser beam with an output power of 5 W. 
As a result, the regularity of the layered structure of the 
part of the reflective portion irradiated with the laser 
beam was destroyed so that the irradiated part lost the 
function as a "reflecting surface". In the manner de- 
scribed, non-reflective portions 22 formed in the reflec- 
tive, porfiohrand a pattern of 1 u,m line-and-space was 
obtained. ^* 

The means for destroying the regularity of the lay- 
ered structure is not limited to the converging ion-beam 
scanning apparatus or the use of a laser beam. 

For example, an electron beam may be used. It is 
a further alternative that a resist pattern is first formed 
on a multiiayered film and a glass plasma is used to de- 
stroy the regularity of the layered structure, the resist 
material being thereafter removed. 

It should be noted that a reflection type mask will 
be used, in many cases, with an intense X-ray source 
such as, for example, a light source means using a syn- 
chrotron emission light source. Thus, it will be necessary 
to consider the problem of a temperature increase due 
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to the absorption of a radiation energy by the mask. Par- 
ticularly, the thermal expansion due to the temperature 
increase will cause shift of the position of a pattern on 
the mask surface or distortion of the mask pattern. This 
is a very serious problem in the reproduction of patterns 
having a submicrometre linewidth. 

In consideration of this, it will be desirable to sup- 
press any temperature increase in the reflection type 
mask due to the absorption of soft X-rays or otherwise 
by the mask. 

In the reflection type mask according to any one of 
the above-described embodiments, a bulk material may 
be used as the substrate. Thus, the mask itself can be 
cooled by water or otherwise. Therefore, it is possible 
to diminish, remarkably, the adverse effect of the tem- 
perature increase in the mask. Further, by using a ma- 
terial (examples of which will be described later) having 
a high heat conductivity as for the substrate and the mul- 
tilayered film, the heat can be radiated efficiently with 
an advantageous effect of prevention of the temperature 
increase. 

Moreover, in the embodiments described hereinbe- 
fore, a material (examples of which will be described lat- 
er) having a small linear expansion coefficient may be 
used as the substrate and the multilayered film. This is 
effective to suppress the occurrence of distortion due to 
the temperature increase. 

As for the material of the substrate which may be 
used preferably, there are silicon carbide, aluminum ni- 
tride, silicon nitride of ceramics series, for example. Par- 
ticularly, the silicon carbide is preferable because it has 
a very large heat conductivity (of an order of 100 w/mK). 
As for the material usable in the multilayered film as one 
type layer, there are transition metal such as tungsten, 
tantalum, molybdenum, rhodium, ruthenium or other- 
wise, carbide, nitride, silicide, boride, oxide or otherwise 
of any one of the aforementioned transition metals. As 
for the material which may be used as the other type 
layer, there are silicon, beryllium, carbon, boron, com- 
posite of these materials (e.g. silicon carbide, boron car- 
bide), oxide, nitride or otherwise of these materials such 
as silicon oxide, silicon nitride and so on. 

Particularly, the silicon carbide has a linear expan- 
sion coefficient of not greater than 4.5x1 0 6 K" 1 and the 
tungsten has a linear expansion coeffcient of not greater 
than 4.5x1 0' 6 K' 1 , so that they are preferble. Further, 
molybdenum usable as the material of the reflective por- 
tion has a linear expansion coefficient of not greater than 
4.8x1 0 -6 K _1 , and therefore molybdenum is a preferable 
material. 

In the embodiments described hereinbefore, it is 
preferable to use a material having a linear expansion 
coefficient not greater than 1 x1 0" 5 /K and a heat conduc- 
tivity not less than 20 w/mK, as for the material of the 
substrate, the material of the reflective portion and the 
material of the non-reflective portion. 

The manufacture of the multilayered film is not lim- 
ited to use of the ion-beam sputtering method or the 



electron-beam deposition method using a super high 
vacuum. Other thin film manufacturing techniques such 
as double-electrode sputtering method, organic metal 
chemical vapour deposition method (called "MOCVD 

5 method"), etc., may be adopted. 

In the embodiments described hereinbefore, if it is 
desired to correct any "curvature of field" which might 
be caused in the imaging optical system such as illus- 
trated in Figure 1 , the mask may be formed so that the 

10 substrata.thereof has a curved surface such as, for ex- 
ample, a spherical surface, an aspherical surface, an 
asymmetrically curved surface, etc. 

While the invention has been described with refer- 
ence to the structures disclosed herein, it is not confined 

15 to the details set forth and is intended to cover such 
modifications or changes as may come within the scope 
of the following claims. 

20 Claims 

1. A reflection type mask (Mo) usable in an exposure 
apparatus having a projection optical system with a 
plurality of mirrors (M1,M2,M3) provided between 

25 the mask and a workpiece (W) for transferring a pat- 
tern of the mask onto the workpiece with soft X-ray 
or vacuum ultraviolet radiation, characterized in 
that: 

said mask (Mo) has a reflective surface (10; 

30 1 0;24) provided by a multilayered film (2-5;2-5;2-5), 
and a non- reflective portion (A;D;21 ;22) provided in 
or upon said reflective surface to define the pattern, 
and wherein said non -reflective portion (A;D;21 ;22) 
is effective to attenuate the soft X-ray or vacuum 

35 ultraviolet radiation. 

2. A mask according to Claim 1 , wherein said non-re- 
flective portion (A;D;21) comprises an absorbing 

■ material provided upon said multilayered film (2-5; 
40 2-5;24). 

3. A mask according to Claim 1 , wherein said non-re- 
flective portion (22) is a disordered portion (22) of 
said muttilayered film (2-5). 

45 ^ 

4. A reflection type mask according to Claim 1 , where- 
in said absorbing material of said non-reflective por- 
tion (A;D;21;22) has a linear expansion coefficient 
not greater than 5x1 0' 5 deg' 1 and a heat conductiv- 

50 ity not less than 0. 1 J/cm.s.deg. 

5. A reflection type mask according to Claim 1 , where- 
in said multilayered film (2-5) is formed of alternate 
layers (2,3,4,5) of respective different materials 

55 having different optical constants. 

6. A reflection type mask according to Claim 5, where- 
in said multilayered film has first layers (2,4,...) hav- 
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ing a refractive index whose real number portion is 
smaller and second alternate layers (3,5,...) having 
a refractive index whose real number portion is larg- 
er, which first and second layers (2-5) are respec- 
tively further from and nearer to the reflection type 
mask surface. 

7. An exposure method for transferring a pattern of a 
reflection type mask onto a workpiece with soft X- 
ray or vacuum ultraviolet ray radiation, said method 
comprising the steps of: 

providing a reflection type mask (Mo) as 
claimed in any preceding Claim 1 to 6; and 
irradiating the mask (Mo) with said radiation, 
and exposing the workpiece (W) to radiation re- 
flected by the mask (Mp) through a projection 
optical system having a plurality of mirrors 
(M1,M2,M3), whereby the pattern of the mask 
(Mo) is transferred to the workpiece (W). 

8. A method according to Claim 7, wherein the pattern 
of the mask (Mo) projected onto the workpiece (W) 
is of a reduced scale. 

9. An exposure apparatus for transferring a pattern of 
a reflection type mask onto a workpiece with soft X- 
ray or vacuum ultraviolet ray radiation, said appa- 
ratus comprising: 

holding means for holding a reflection type 
mask (Mo); 

a reflection type mask (Mo) held by said holding 
means, which mask (Mo) is as claimed in any 
preceding Claim 1 to 6; and 
optical means for irradiating the mask (Mo) with 
said radiation, and exposing the workpiece (W) 
to the radiation reflected by the mask (Mo), said 
optical means comprising a projection optical 
system having a plurality of mirrors 
(M1.M2.M3) for projecting the pattern of the 
mask onto the workpiece, whereby the pattern 
of the mask (Mo) is transferred to the workpiece 
(W). 

10. An apparatus according to Claim 9, further compris- 
ing an optical system for projecting the pattern of 
the mask (Mo) onto the workpiece at a reduced 
scale. 



Patentanspruche 

1. Reflexionsmaske (Mo), die in einer Belichtungsap- 
paraturmiteinem optischen Projektionssystemver- 
wendet werden kann, das eine Vielzahl an Spiegeln 
(M1 ,M2,M3) aufweist, die zwischen der Maske und 
einem WerkstOck (W) angeordnet sind, urn mittels 



weicher Rontgenstrahlung oder Vakuum-UV-Strah- 
lungein Maskenmusterauf das WerkstOck zu Qber- 
tragen, dadurch gekennzeichnet, daB 
die Maske eine reflektierende Oberflache (10;10; 

5 24), die von einem mehrschichtigen Film (2-5;2-5; 
2-5) bereitgestellt wird, und einen nichtreflektieren- 
den Bereich (A;D;21 ;22) aufweist, der in oder auf 
der reflektierenden Oberflache bereitgestellt wird, 
urn das Muster festzulegen, wobei der nicht-reflek- 

10 . tiereade Bereich (A;D;21 ;22) eine Schwachung der 
weichen Rontgenstrahlung oder der Vakuum-UV- 
Strahlung bewirkt. 
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2. Maske nach Anspruch 1 , 

dadurch gekennzeichnet, daB 

der nicht-reflektierende Bereich (A;D;21) ein absor- 
bierendes Material umfaGt, das auf dem mehr- 
schichtigen Film (2-5;2-5;24) aufgebracht ist. 



20 3. Maske nach Anspruch 1 , 

dadurch gekennzeichnet, daB 

der nicht-reflektierende Bereich (22) ein ungeord- 
neter Bereich (22) des mehrschichtigen Films (2-5) 
ist. 

25 

4. Reflexionsmaske nach Anspruch 1, 
dadurch gekennzeichnet, daB 

das absorbierende Material des nicht-reflektieren- 
den Bereichs (A;D;21;22) einen linearen Ausdeh- 
30 nungskoeffizienten, der nicht groBer als 5 x 10 -5 
deg -1 ist, und eine Warmeleitfahigkeit von nicht klei- 
nerals 0,1 J/cm.s.deg aufweist. 

5. Reflexionsmaske nach Anspruch 1 , 
35 dadurch gekennzeichnet, daB 

der mehrschichtige Film (2-5) aus alternierenden 
Schichten (2,3,4,5) aus jeweils unterschiedlichen 
Materialien mit unterschiedlichen optischen Kon- 
stanten gebildet ist. 

40 

6. Reflexionsmaske nach Anspruch 5, 
dadurch gekennzeichnet, daB 

der mehrschichtige Film erste Schichten (2,4,...) mit 
eiriena grechungsindex, dessen Realteil kleiner ist, 
45 und zweite, atternierende Schichten (3,5,...) mit ei- 
nem Brechungsindex, dessen Realteil groBer ist, 
aufweist, wobei sich die ersten und zweiten Schich- 
ten (2-5) weiter weg von beziehungsweise naher an 
der Oberflache der Reflexionsmaske befinden. 

so 

7. Beiichtungsveriahren zum Gbertragen eines Mu- 
sters einer Reflexionsmaske auf ein WerkstOck mit- 
tels weicher Rontgenstrahlung oder Vakuum-UV- 
Strahlung, wobei das Verfahren die nachstehenden 

55 Schritte umfaBt: 

Bereitstellung einer Reflexionsmaske (Mo) 
nach einem der vorstehenden Anspruche 1 bis 
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6; und 

Bestrahlen der Maske (Mo) mit der Strahlung 
und Aussetzen des Werkstucks (W) der von der 
Maske (Mo) reflektierten Strahlung mittels ei- 5 
nes optisches Projektionssystem, das eine 
Vielzahl an Spiegeln (M1, M2, M3) aufweist, 2. 
wodurch das Muster der Maske (Mo) auf das 
Werkstuck (W) ubertragen wird. 

10 

8. Verfahren nach Anspruch 7, in dem das Muster der 

- Maske (Mo), das auf das Werkstuck projeziert wird, 3. 
einen verkleinerten MaBstab aufweist. 

9. Belichtungsgerat zum Ubertragen eines Musters ei- is 
ner Reflexionsmaske mittels weicher Rontgen- 4. 
strahlung oder Vakuum-UV-Strahlung auf ein Werk- 
stuck, wobei das Gerat die nachstehenden Be- 
standteile umfaBt: 

20 

eine Halteeinrichtung zum Halten der Reflexi- 
onsmaske (Mo); 

5. 

eine Reflexionsmaske (Mo), die von der Halte- 
einrichtung gehalten wird, wobei es sich urn ei- 25 
ne Maske (Mo) nach einem der vorstehenden 
Anspruche 1 bis 6 handelt; und 

eine optische Einrichtung zum Bestrahlen der 6. 
Maske (Mo) mit der Strahlung und zum Belich- 30 
ten des Werkstucks (W) mit der von der Maske 
(Mo) reflektierten Strahlung, wobei die optische 
Einrichtung ein optisches Projektionssystem 
mit einer Vielzahl an Spiegeln (M1 ,M2,M3) zum 
Projezieren des Musters der Maske auf das 35 
Werkstuck umfaBt, wodurch das Muster der 
Maske (Mo) auf das Werkstuck (W) ubertragen 
wird. 

7. 

10. Gerat nach Anspruch 9, das ferner ein optisches 40 
System zum Projezieren des Musters der Maske 
(Mo) in verkleinertem MaBstab auf das Werkstuck 
umfaBt. ... 

45 

Re vend icat ions 

1 . Masque (Mo) du type a reflexion, utilisable dans un 
appareil d'exposition comportant un sy^teme opti- 
que de projection avec plusieurs miroirs (M1, M2, so 
M3) places entre le masque et une piece d'oeuvre 
(W) destines a transferer un motif du masque sur la 
piece d'oeuvre a I'aide d'un rayonnement de rayons 
X mous ou d'ultraviolet lointain, caracterise en ce 

que ; 55 

ledit masque (Mo) possede une surface refle- 8. 
chissante (10 ; 10 ; 24) constitute par un film mul- 
ticouche (2 a 5 ; 2 a 5 ; 2 a 5), et une partie non 



reflechissante (A ; D ; 21 ; 22) prevue dans ou sur 
ladite surface reflechissante pour definir le motif ; 
et dans lequel ladite partie non reflechissante (A ; 
D ; 21 ; 22) sert a attenuer le rayonnement de 
rayons X mous ou d'ultraviolet lointain. 

Masque selon la revendication 1 , dans lequel ladite 
partie non reflechissante (A ; D ; 21) comprend une 
matiere absorbante disposee sur ledit film multicou- 
che (2;a 5 ; 2 a 5 ; 24). 

Masqueselon la revendication 1 , dans lequel ladite 
partie non reflechissante (22) est une partie (22) du- 
dit film multicouche (2 a 5) dont I'ordre a ete modifie. 

Masque du type a reflexion selon la revendication 
1 , dans lequel ladite matiere absorbante de ladite 
partie non reflechissante (A ; D ; 21 ; 22) a un coef- 
ficient de dilatation lineaire qui n'est pas plus grand 
que 5 x 1 0" 5 deg -1 et une conductivity thermique qui 
n'est pas plus petite que 0,1 J/cm.s.deg. 

Masque du type a reflexion selon la revendication 
1 , dans lequel ledit film multicouche (2 a 5) est for- 
me de couches (2, 3, 4, 5) alternees de matieres 
respectives differentes ayant des constantes opti- 
ques differentes. 

Masque du type a reflexion selon la revendication 
5, dans lequel ledit film multicouche comporte des 
premieres couches (2, 4, ...) ayant un indice de re- 
fraction dont la partie nombre reel est plus petite et 
des secondes couches alternees (3, 5, ...) ayant un 
indice de refraction dont la partie nombre reel est 
plus grande, lesquelles premieres et secondes cou- 
ches (2 a 5) sont respectivement plus loin et plus 
pres de la surface de masque du type a reflexion. 

Procede d'exposition destine a transferer un motif 
d'un masque du type a reflexion sur une piece 
d'oeuvre a I'aide d'un rayonnement de rayons X 
mous ou d'ultraviolet lointain, ledit procede compre- 
nant les etapes : 

de^reation d'un masque (Mo) du type a re- 
flexion tel que revendique dans Tune quelcon- 
que des revendications 1 a 6 precedentes ; et 
de projection dudit rayonnement sur le masque 
(Mo), et d'exposition de la piece d'oeuvre (W) 
au rayonnement reflechi par le masque (Mo), a 
I'aide d'un systeme optique de projection com- 
portant plusieurs miroirs (M1, M2, M3), en 
transferant ainsi le motif du masque (Mo) sur la 
piece d'oeuvre (W). 

Procede selon la revendication 7, dans lequel le 
motif du masque (Mo) projete sur la piece d'oeuvre 
(W) est a echelle reduite. 
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9. Appareil d'exposition destine a transferer un motif 
d'un masque du type a reflexion sur une piece 
d'oeuvre a I'aide d'un rayonnement de rayons X 
mous ou d'ultraviolet lointain, ledit appareil 
comprenant : 5 

un moyen de maintien destine" a maintenir un 
masque (Mo) du type a reflexion ; 
un masque (Mo) du type a reflexion maintenu 
par ledit moyen de maintien, lequel masque to 
(Mo) est tel que revendique dans Tune quelcon- 
que des revendications 1 a 6 precedentes ; et 
un moyen optique destine" a projeter ledit rayon- 
nement sur le masque (Mo), et a exposer la pie- 
ce d'oeuvre (W) au rayonnement refl6chi par le 15 
masque (Mo), ledit moyen optique comprenant 
un systeme optique de projection ,comportant 
plusieurs miroirs (M1, M2, M3) destines a pro- 
jeter le motif du masque sur la piece d'oeuvre, 
' en transferant ainsi le motif du masque (Mo) sur 20 
la piece d'oeuvre (W). 

10. Appareil selon la revendication 9, comprenant en 
outre un systeme optique destine a projeter le motif 

du masque (Mo) sur la piece d'oeuvre a une echelle 25 
reduite. 
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